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(71). We. The Plessey Company 
Limited, a British Company of 2/60 Vicar- 
age Lane, !!ford, Essex, do hereby declare 
the invention, for v/hich v#e pray that 
patent may he* granted to us, and the method 
by which "it is to be performed, to be par- 
ticularly described' in ar.d by the following 
statement : — 

This invention relates to a liquid injec- 
tion system v/hich ir.i:y be uzzd for ex- 
ample/ for injecting fuel into ar engine 
such ?uf example as an internal :^mbus- 
lion engine, a sas turbine enuine cr a 
boiler. 

In liquid injection systems, it is 0iL-;2 ue- 
* sirablc that the liquid injected bo hi en 
atomized condition. 'Some injector, sys- 
tems employ a vibratory injection nozzle 
tor generating a liquid spray but the in- 
20 jcctcTl liquid may not always entirety 
atomized and a liquid core may be present 
in the injected liquid. In the case of fuel 
inicction systems, non-atom i/ed fuel is not 
effectively carried to the combustion cham- 
ber of the engine ar.d is often wasted, there- 
by resulting m a high fuel consumption. 

The present invention provides "a liquid 
injection .system comprfcin? a liquid injec- 
tion nozzle a?:d a vibrator for The nozzle, 
said r.uv.I,. having non-return valve, a 
liquid swirl device positioned downstream 
of ths non-return valve and in a»swirl cham- 
ber, and an atomizer orifice positioned 
downstream of the swirl chamber, and said 
vibrator being for vibrating the nozzle at 
least sufficiently to open the non-return 
valve and allow liquid to move into the swirl 
chamber and swirl therein prior to passing 
through the atomizer ov^ce. 

The swirling of the liquid in the swirl 
chamber prior to th* liquid linting the 
• atomizer orifice increases Hie ability of the 
nozzle to atomize the liquid. It' the liquid 
pressure is sufTicicntiy high and an ?.ppro- 
priarciy contoured atomizer orilec is "usco, 
cifaetivo uiom^ution may be achieved rn*:re!y 
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by vibrating the nozzle at frajusKzisj which 
arc only just sufficient to opea the non- 
return Valve. At low liquid pressures, the * 
liquid! may not- sufficiently atomize as it 50 
les^s the nozzle and, in ihis case, the 
nozzle may oe vibrated with so-called ultra- 
sonic vibrations. When the nozzle is vibra- 
ted with ultrasonic vibrations, thj vibrations 
will act io o ; vr. the non-return valve and 53 
they will also rhl to cause atoinization. 

The "ultrasonic vibrations'* arc those 
vibrations required c? the liquid injection 
nozzle to cause the ncn-rcturn valve to open 
and to also cause itemization. TV; vibra- 60 
dons arc sufficient to cause a liquid jet to 
disintegrate into small mist-like particles. 
The frequency range in question rr.ay be 
in practice found *o havs its lower limit 
somewhere nirar the upper Jlmit of audibility 65 
Sc a .human car. However, for reasons oi 
£ofes suppression, it is generally pre ferric 
in practice ;o use frequencies higii encash 
ensure that audible sound is" not pro- 
duct. 70 

fiCiVrably, the nun-return valve is a ball 
valve but other types of non-return valve 
may be employed if desired. Thus. r or cr- 
amplc. a leaf-type non-re-.:.::r. valve could 
be ■ employed. 'Also pjrcfsrj.bSy, :he ncn- 75 
return salvo U biassed, e.g. by means of 
h spring, to the closed position. ' "he vibra- 
tions of the nozzle Ihen caus'; Ux oa : .l vaiv-s 
to be lifted from iLs scat agalnj? tewu 
of the bir^stn*; mi*ans. B0 

In order to further facilitate optimum 
atomization .of liquid leaving the nozzle, the 
atomizer orr^ee is preferably contoured' such 
that it is constituted by a'pa^saro opening 
out into a sharp-edged frusto-ccnical open- 85 
ing having its narrower part ia communica- 
. tion with' the parage:. 

The swirl device may be a;>* form of 
plug that cause:; the liquid to swirl Pre- 
ferably, the swirl device h an externally 90 
helical : y grooved plug and the b'quid is 
caused to Tjwlri by parsing a'on:.; ?ha stcwi 
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in the plug. As t!: . ;uid leaves the pluvv 
it continues the swiriing motion imparted 
by the helical grooves. The swirl device 
may be secured in the nozzle by any con- 
5 venient means such for example as welding. 

The swirl device may be so constructed as 
* to deliver liquid in continuous form or in 
large diopbfcs substantially tangentialiy to 
the walls of the swirl chamber. „ 
10 The injection system of the present in- 
vention lends itself readily to variation in 
the type of liquid injected. When the injec- 
tion system is for application to engines, it 
may be used to inject fuel in the form of 
15 petrol, oil or a mixture of petrol and oil. 
The quality of fuel injected during each 
induction stroke in each cylinder or each 
revolution of an internal combustion en- 


20 help to faulilalc good fuel atomizalicn 
as the fuel leaves the nozzle. 

In operation of the device, the fuel in- 
jection nozzle 2 is vibrated bv an ultra- 
sonic transducer assembly (not a::cwn), The 70 
vibrations arc sufficient to lift the bail valve 
8 oc its scat but they are not sufficient psz* 
sc to also atomize the fuel although tkz 
vibrations may of course assist in fuel 
itemization. Fud can then pass alcng s 75 
conduit 22 through the aperture 6 and into 
a swiil chamber 24. The fuel passing 
through the aperture 6 will usually be con- 
tinuous or but, with ultrasonic vibrations, 
may be discontinuous but ui the form of 80 
very large droplets. The fuel will then pass 
along the grooves 14 in the fuel swirl de- 
vice" 12 where it will be given a swirling 
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gine maybe varied. By ensuring efficient motion. The swirling fuel will continue to 
atomizadon of the injected fuel the fuel swirl in the downstream side cf the swirl 
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injection is less dependent upon air pres- 
sure for example in an air flow duct lead- 
ing to the combustion chamber of the en- 
gine. 

The injection system may include a liquid 
feed device for providing a flow of liquid' 
to the nozzle. The injection system may 
also include a timing control device which 
limits the energization cf nozzle vibra- 
tions to uniformly spaced periods. Each 
timing period may constitute an adjustable 
part of a cycle related to the revolution or 
an engine. The timing control device may 
be -:cT connected to an engine as to limit 
ep&'gizauon of the ultrasonic vibrator to 
an adjustable part of each induction stroke 
in each cylinder. 

The vibrator may be a known transducer 
assembly. It may employ a piezoelectric 
40 crystai. for example *?. barium 'titanatc 
crystal. 

An embodiment of is invention will now 
be described by way of example with refer- 
ence to the single rigute of the accont- 
45 panying drawing which shows an injection 
nozzle forming part cf a fuel injection sys- 
tem in accordance with the present inven- 
tion. 

Referring to the drawing, there is shown a 
50 fuel injection noiaile 2 havine nn inwardly 
' projscJIsg shouidsr-4. ihs shoulder 4 de- 
fines an aperture 6 zind constitutes a valve 
seat against which rests ?~ non-return ball 
valve 8. The bail valve 8 is spring bia^wd 
;75 against the valve zzzi by means oi a coil" 
spring 10. 

Positioned in the fuel injection nczzio 2 
at a place downstream of the b-\U valve 8, h 
a fuel, swirl device constituted by a plug 
60 12 having helical grooves 14 arranged in 
its external surface. Downstream of the 
fuel swirl device 12 Is in atomizer orifice 
16 having a passage- IS merging into a 
sharp-cd^ed frustc-ccnical or^nln«! 20. The 


chamber 24. This swirling action -v/UI bs 
further continued' as the fuei passes through 
the atomizer orifice 16 so that not ail of 
the fut emitted from the atomizer urifice 
16 will be perpendicular to the front face 
25 of the nozzle. Efficient fuel atomizaiior 
is thus achieved. 
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WHAT WB CLAIM IS: — 

1. A liquid injection system ccsnprizng 
a liquid injection nozzle and a vibrator fcr 
the nozzle, said nozzle having a non-return 
valve, a liquid swirl device positioned down- 
stream of the non-return valve and* in a 
swirJ. chamber, and an atomizer crilee posi- 200 
tioned downstream of the sv/ir- chamber, and 
r.aid vibrator being for vibvuiirv- the nozzle 

at least sufficiently to cp-iii the non-return 
valve and allow 'liquid .to move in:o the ^ 
uwirl chamber and swirl therein prior to 105 
passing through the atomizer orifice. 

2. A system according to chiini I, :n 
which tfie vibrator Ls for vibrating the r.c-zU 
at ultrasonic frequency as herein denned. 

3. A system according to claim I or 1 10 
claim 2, in which the nonreturn valve is 

3 bail valve. . 

4. A system rv^crdSng \o ctahn 3, in 
which the bail valves is biassed to z c;cs% 
DO>ition by mean:: -ji a spring. 

5. A- system acccjrihifj to any orv\ 'zi 
th^ preceding claims:. »n which iho alcmiae'; 
orifice is constituted by a p&ssngp opening 
out into a shsrp-cdged fnistc; -conical open- 
ing leaving its narrower part in communica- 
tion with the passage. 

6. A system according any one of 
the preceding claims in which tho swirl 
device is aa extcrvailv helically grccvidT 

7. A system recording io nsiy orw or 
.'he preceding -ilaivns. includitsa ft ii<iu:ri feed 
device for" r.vov'ilKiB s-Scv.' zi liquid lo 
•he r.oziic. 

3. A system according to aiiy one oi h'.n ltd 
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preceding cieims including a timing contr 5 
device which limits Che energization of v..: 
nozzle vibrations io uniformly spaced 
periods. 

9. A system according to ? : ny one cf 
che preceding claims in which the vibrator 
includes a piezoelectric crystal 


10. A fuc-i injection system substantially 
as herein described with reference to the 
accompanying drawing. 

""G H. JONES. 
Chartered Patent Agent, 
For the Applicants. 
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